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проведённых исследований. Наиболее высо-
кая эффективность процесса очистки обеспе-
чивается при значении угла наклона 
сортировального стола β=8°, амплитуде 
колебания А=65÷75 мм, частоте колебания n= 
95÷105 мин-1, ширине канала, образованного 
отражателями b=60 мм.  
Опытно-промышленный образец сепара-
тора для очистки сафлора от прицепника ши-
роколистного рекомендуется применять в сос-
таве линии по производству сафлорового масла 
в фермерских хозяйствах и малых предприя-
тиях перерабатывающей промышленности. 
Выводы и заключение 
Таким образом, предложена техноло-
гическая линия переработки сафлора и произ-
водства качественного сафлорового масла. 
Данная линия производства сафлорового 
масла создана на базе крестьянского хозяйст-
ва «Құнар» Жамбылской области. По резуль-
татам расчёта экономической эффективности 
средняя рентабельность производства состав-
ляет не менее 25%, что подтверждает высо-
кую доходность для сельхозтоваропроиз-
водителя. Достижению высокого качества 
конечного продукта непосредственно спо-
собствует 99%-ная степень очистки сафлора 
от примесей, в том числе от трудноотде-
лимых, типа прицепника широколистного. 
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The present article studies the technological possibilities of using a combined mixture of tomato 
extract, ascorbic acid as an antioxidant synergist and sodium polyphosphate as a chelating agent with 
a view to reducing the amount of nitrites added and enhancing the quality and safety of cooked 
sausages. The results obtained demonstrate that the addition of tomato extract, containing 10% 
lycopene in combination with ascorbic acid and sodium polyphosphate resulted in a more saturated 
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red colour and slowed the processes which induced lipid peroxidation reactions, reduce greatly the 
added nitrite amount and contributed to improved overall quality of structureless cooked sausage. 
 
Берілген жұмыста натрий полифосфатының хелат себебі сияқты, қышқылдануға қарсы 
синергист ретінде қызанақ сығындысының және аскорбин қышқылының қоспаларын 
қолданудың технологиялық мүмкіндіктері зерттелген. Олар пісірілген шұжықтардың сапасын 
және қауіпсіздігін арттыруы және нитрит сандарының қысқартуы мақсаттарында қосылады. 
Нәтижелер бойынша құрамында 10% ликопины бар қызанақ сығындысының қосылуы және 
аскорбин қышқылы мен натрий полифосфатының үйлесуі шұжықтарға қанық қызыл түс 
беретіндігін және арттырғанын, сонымен қатар липидті пероксидазалар үрдісінің 
баяулатқандығын және қосылған нитрит әрекетінің үлкен деңгейде жеңілдеткендігін көруге 
болады. Бұл қоспалар пісірілген құрамасыз шұжықтардың сапасын арттырады.  
 
В настоящей работе исследованьı технологические возможности применения смесей 
из томатного экстракта и аскорбиновой кислотьı в качестве антиоксидантного 
синергиста, как и полифосфата натрия, в качестве хелатного агента. Они добавляются с 
целью редуцирования количества нитритов и повышения качества и безопасности вареньıх 
колбас. Результатьı показьıвают, что добавление томатного экстракта, содержащего 10% 
ликопина в сочетании с аскорбиновой кислотой и полифосфатом натрия, улучшает и 
придает колбасам насыщенный красный цвет, замедляет процессы липидной пероксидазы и 
в большей степени редуцирует действие добавленного нитрита. Эти смеси улучшают 
качество вареньıх бесструктурньıх колбас. 
 
Key words: sausages, lycopene, ascorbic acid, polyphosphate, quality.  
 
Негізгі сөздер: пісірілген шұжықтар, ликопин, аскорбин қышқылы, полифосфаттар, сапа. 
 
Ключевые слова: вареные колбасы, ликопин, аскорбиновая кислота, полифосфаты, качество. 
 
Introduction 
In recent years the meat industry has 
demonstrated a marked tendency towards 
focusing experts’ attention on the manufacture of 
products having the desired sensory character-
ristics, origin and composition which are natural 
to the maximum extent possible, with emphasis 
on enhanced safety and wholesomeness. 
According to the WHO recommendations, 
considerable research has been conducted on the 
possibilities of using natural preservatives, 
colourants and flavours in food that would 
partially or fully replace the synthetic ones used 
so far [1]. At the same time, the addition of 
nitrites, nitrates and colourants for the purpose of 
improving the colour or imparting a desired 
colour to finished products is common practice 
in meat product manufacture [2-4].  
The ongoing importance of the food 
quality and safety issue as well as the lack of 
sufficient evidence of the harmlessness of the 
colourants currently used, including carmine [5-
6], has created a lasting interest in new, 
alternative sources of natural colourants. 
Lycopene is one of the most popular natural 
pigments approved as a food additive in the food 
industry and valued for its antioxidant properties. 
The synergistic antioxidant effect between 
lipophilic lycopene and hydrophilic vitamin C 
and ascorbate in relation to biological systems 
has also been proved [7-8]. Provoked by the 
search for both safe and healthy meat products, 
research and development activities are currently 
focused on finding alternative substances for 
nitrite replacement and reduction without any 
negative consequences on the technological 
process or the qualitative and quantitative 
properties of the end product.  
The aim of the present study was to 
investigate the technological possibilities of using a 
combined mixture of tomato extract, ascorbic acid 
(an antioxidant synergist) and sodium polypho-
sphate (a chelating agent) with a view to reducing 
the amount of nitrites added and enhancing the 
quality and safety of cooked sausages. 
Materials and methods 
Dry tomato extract containing 10% lycopene 
was used as a natural product in this study. The 
extract was obtained by grinding the tomatoes and 
separating the juice, then subjecting the tomato 
cellulose mass to ethyl acetate extraction. The end 
product was obtained after solvent removal via 
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vacuum evaporation at 40-60°С. The lycopene 
quantity was determined by HPLC and absorption 
measurement at λ 440 nm. For the preparation of 
the test samples, the tomato extract quantity was re-
calculated on the basis of lycopene quantity added 
to 1 kg of meat batter.  
Figure 1 shows a schematic representation 
of the experimental setup.  
 





























Figure 1 - Experimental setup. 
 
The experiments were conducted using 
structureless sausage according to the BDS 127-
83 recipe and technological instruction for the 
production of Strandzha frankfurters: 30% lean 
pork, 70% semi-fat pork, 2.2% sodium chloride, 
0.1% sugar, 0.4% white pepper, and 0.1% 
nutmeg. For the preparation of the samples, 
sodium nitrite, ascorbic acid, sodium 
polyphosphate and lycopene were added in the 
amounts shown in the experimental setup in Fig. 
1. During cutting, flaky ice was added in a 
quantity equal to 30% of the meat mass weight. 
The samples were prepared at the Training and 
Production Facility of the Meat and Fish 
Technology Department. Boned refrigerated 
pork with рН = 6.13 ± 0.15 bought at retail stores 
was used for the purpose of the study. 
The meat batter was stuffed into artificial 
polyamide casings. After shaping, the sausages 
were heat-treated as follows: 1) 55°С chamber 
temperature for 10 min; 2) 65°С chamber 
temperature for 15 min; 3) 75°С chamber 
temperature for 15 min; and 4) 80°С chamber 
temperature until the temperature in the centre of 
the sausage reached 72°С. The cooked sausages 
were cooled under running water for 15 ÷ 20 min 
until the temperature of individual sausages was 
equal to the ambient temperature. The 
refrigerated sausages were stored in a cooling 
chamber at 1 ÷ 0°С until the time of the analyses. 
For evaluation of the effect of lycopene, 
ascorbic acid and sodium polyphosphate upon the 
quality indices of the cooked sausage, the changes 
in pH, colour, residual nitrites, peroxide value 
(POV) and sensory characteristics were monitored.  
The pH values of the samples were 
determined using an MS 2004 pH meter 
(Microsyst, Bulgaria). The residual nitrite 
quantity in the cooked sausage samples studied 
was evaluated spectrophotometrically using a 
Batter preparation in a cutter with the addition of salting materials and spices.  
Hardening at t= -3÷-5°C for 4 hours 
Sample RNRL 
(with  
50 mg.kg-1 nitrite 




(with 50 mg.kg-1 
nitrite, 20 mg.kg-1 




(with 50 mg.kg-1 
nitrite, 20 mg.kg-1 




(with 50 mg.kg-1 
nitrite, 20 mg.kg-1 
lycopene, 2 g.kg-1 
polyphosphate and 
0,2 g.kg-1 ascorbic 
acid). 
Sample SLPhA 
(with 50 mg.kg-1 
nitrite,  20 mg.kg-1 
lycopene, 2 g.kg-1 
polyphosphate and 
0,2 g.kg-1 ascorbic 
acid). 
 
Filling and shaping 
Heat treatment and sample taking for analysis 
Refrigerated storage at t= 0÷2°C 
Water and air cooling 
Sample taking for analysis 
Finished product 
1 d of storage 
Finished product 
8 d of storage 
Finished product 
4 d of storage 
Sample taking for analysis 
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UV/VIS spectrophotometer (Camspec, model М 
550) according to BDS EN 12014-3 [9]. The 
colour characteristics of the tested sausage 
samples were determined using a Minolta 
Chroma Meter (model CR 410, Osaka, Japan) in 
the CIE Lab system, where L* was brightness, a* 
was the red colour component and b* was the 
yellow colour component. The measurement was 
conducted using illuminant C and 2° standard 
observation angle. All measurements were taken 
five times in non-overlapping zones, and the 
mean values and standard deviation were 
calculated. The data related to а* and b* were 
used for the calculation of colour saturation h 
according to the formula 
)/180()/(tan **1   abh , and the colour of hue 
C according to the formula 2*2* baC  . 
The peroxide value (POV) of the lipids in 
the samples tested was determined using the 
standard iodine-measuring semi-micro method. 
The lipid fraction extraction from the sausage 
samples was carried out according to the Bligh & 
Dyer method [10].  
The sensory evaluation of the samples was 
made on the 4th day of refrigerated storage at a 
temperature of 0 ÷ 4°С. The analysis was 
performed by a five-member tasting panel along 
a hedonic scale. For each of the indices 
evaluated, i.e. appearance, cut colour, taste, smell 
and texture, a scale of 1 to 5 was used, 1 being 
the dislike extremely, and 5 the like extremely 
evaluation of the respective attribute.  
StatPlus 2009 software was used for the 
statistical processing of the results.  
Results and discussion 
The analysis of the data related to the pH 
values of the cooked sausages (Table 1) showed 
that the changes in all five samples followed a 
similar trend. It was found that during the tech-
nological process, after heat treatment (singeing 
and boiling) in particular, the active acidity of all 
sausage samples increased, reaching maximum 
values on the first day of the finished product 
storage. During refrigerated storage, there was a 
clear tendency towards a decrease in pH values.  
 
Table 1 - Changes in the рН values during the technological process and refrigerated storage of cooked sausages. 
 
Sample During manufacture During refrigerated storage 
Meat batter After heat treatment 1 d 4 d 8 d 
RNRL 6.09± 0.01 6.34± 0.01 6.35 ±0.01 6.25 ±0.03 6.03 ±0.02 
RLPh 6.12± 0.01 6.36 ±0.02 6.36 ±0.01 6.30 ±0.05 6.18 ±0.01 
RLA 5.98±0.00 6.22 ±0.03 6.24 ±0.02 6.12 ±0.02 5.97 ±0.03 
RLPhA 6.04± 0.02 6.32 ±0.05 6.34 ±0.01 6.26 ±0.00 6.09 ±0.02 
SLPhA 6.05 ±0.01 6.32 ±0.03 6.34 ±0.02 6.27 ±0.01 6.13 ±0.02 
 
After 8 days of refrigerated storage, the 
lowest value was observed in the RLA sample, 
and the highest value in the RLPh sample, or 
5.97±0.03 and 6.18±0.01 respectively (Table 1). 
In samples RLPhA and SLPhA no statistical 
differences (р>0.01) were observed in the pH 
values during the manufacture and storage of 
cooked sausages. This confirmed our previous 
findings that the addition of lycopene did not 
affect active acidity. Phosphate addition to the 
batter had no significant effect on the pH value 
of the samples either (р>0.05), whereas the 
addition of ascorbic acid (sample RLA) had 
considerable influence on pH (p < 0.05).  
A reduction in the residual nitrite quantity 
was established in all sausage samples after heat 
treatment and during storage (Fig. 1). 
The addition of ascorbic acid (sample RLA, 
SLPhA and RLPhA) exerted significant influence 
on the reduction of the residual nitrite quantity in 
the meat batter, which has been reported by other 
authors as well (Gibson et al, 1984???). The 
comparison of the data related to samples SLPhA 
and RLPhA showed that the addition of lycopene 
in 20 mg.kg-1 and 40 mg.kg-1 amounts had a much 
weaker effect on residual nitrite compared to the 
addition of ascorbic acid.  
After the heat treatment and during the 
storage of the sausages, the peroxide value 
increased in all samples studied (Fig. 2). The 
lowest value during the manufacture and storage of 
the samples was established for the SLPhA sample.  
The changes established in the peroxide 
value of cooked sausage samples showed that the 
combined effect of lycopene, ascorbic acid and 
polyphosphate contributed to a delay in the 
formation of primary lipid peroxidation products 
during cooked sausage processing and storage.  
The results of the spectrophotometric 
evaluations of colour in individual samples 
during storage have been presented in Fig. 3. 




Figure 1 - Changes in the residual nitrite quantity (mg.kg-
1) after heat treatment and during storage of the samples. 
Figure 2 - Changes in the peroxide value in cooked 
sausages manufactured with the addition of lycopene, 










Figure 3 - Changes in the colour indices of cooked sausage samples during storage (on the 1st, 4th and 8th day): 




The comparison of samples RLA, RLPh, 
and RLPhA to sample RNRL along index L*(C) 
on the first day of storage showed that the addition 
of ascorbic acid and/or sodium polyphosphate led 
to an increase in colour brightness by 1.36, 1.7 and 
1.39 units respectively. The analysis of the data on 
samples RLPhA and SLPhA confirmed the trend 
found in one of our previous experiments (our 
paper) that the increase in the quantity of lycopene 
added reduced the colour brightness value. During 
refrigerated storage, index L*(C) decreased slightly 
in all samples (Fig. 3a). 
In all samples studied, differences in the red 
component values were found except for the RLA 
and RLPA samples, where these values were 
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and during storage. The red colour development in 
the sausage samples was mainly due to the addition 
of tomato extract containing 10% lycopene, 
whereas the ascorbic acid addition played a 
secondary role by stabilising the sausage colour 
during refrigerated storage (Fig. 3b).  
The analysis of the results obtained on the 
yellow colour component values in the cooked 
sausage samples (Fig. 3c) showed that the lycopene 
quantity had a significant effect both on а* and b*. 
Nevertheless, after its addition in combination with 
ascorbic acid, statistically lower b*(С) values were 
measured in samples RLA and RLPhA compared 
to the lycopene-free sample (RNRL).  
For a more comprehensive study of the 
effect of lycopene, ascorbic acid and/or sodium 
phosphate addition, hue colour h(С) (Fig. 4 b) 







Figure 4 - Changes in the h values (a) and C values (b) of the cooked sausage samples during storage (on the 
1st, 4th and 8th day). 
 
The trends observed for colour saturation С 
in the samples studied were inversely proportional 
to those for colour brightness (L*) and could be 
arranged in the following order: SLPhA > RLA, 
RLPhA > RNRL, RLPh (Fig. 4b). 
Fig. 4a shows that the lowest h(С) values 
were recorded in samples SLPhA, RLPhA and 
RLAin the following order: RLPhA < RLA< 
SLPhA. With regard to the fact that higher Н are 
indicative of a colour shift towards the yellow 
domain, the most saturated red colour was 
observed in RLPhA and RLA.  
The analysis of the results provided a basis 
for a conclusion that the combined addition of 
lycopene and ascorbic acid contributed to a more 
saturated red colour, which was also confirmed 
by the results of the sensory analysis of 
appearance and colour.  
The analysis of the data related to the 
appearance and colour of the cut surface of the 
samples made with the addition of ascorbic acid 
showed that the latter had a considerable effect 
on these two indices (Fig. 5). The highest colour 
evaluation was given to sample RLPhA, 
followed by samples RLA and SLPhA.  
The lower cut surface appearance and 
colour values in the other two samples (RNRL 
and RLPh) were probably due to the weaker 
colour formation processes during singeing and 
boiling, which correlated with the results of the 
objectively measured colour indices in the 
cooked sausage samples. The opposite trend was 
observed with the texture index.  
The comparative analysis of the mean taste 
and smell evaluations of samples RLPhA and 
SLPhA demonstrated that the combination of 
ascorbic acid, phosphate and lycopene had a 
positive effect on them. This could be attributed 
to their synergistic effect with regard to the auto-
oxidation of lycopene and fats in the samples that 
could lead to changes in the taste and smell of 


























The highest overall evaluation was given 
to sample RLPhA: 4.55 along a 5-grade scale. 
The total scores for samples RNRL and RLPh 
were statistically indistinguishable (p>0.05) and 
the lowest compared to the other samples. Mid-
range total scores, which were also statistically 
indistinguishable (p>0.05), were given to 
samples SLPhA and RLA.  
Conclusion 
The addition of lycopene (20 mg.kg -1) in 
combination with ascorbic acid and sodium 
polyphosphate contributed to improved overall 
quality of structureless cooked sausages of the 
Strandzha frankfurter type. The combined 
addition of lycopene, ascorbic acid and 
polyphosphate resulted in a more saturated red 
colour and slowed the processes which induced 
chain lipid peroxidation reactions during the 
processing and storage of cooked sausages. The 
combination of lycopene in a 20 mg.kg-1 
quantity with ascorbic acid and sodium 
polyphosphate can be efficiently used to reduce 
greatly the added nitrite amount in cooked 
sausage production, which is a serious 
prerequisite for the manufacture of a finished 
product characterised by improved sensory 
characteristics and chemical safety as regards 
residual nitrites.  
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